In this paper, interfacial reaction between diamond grit and Sn-6Ti alloy was systematically studied at 
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Introduction
Brazing is a promising method for the manufacturing of diamond abrasive tools [1, 2] , which are widely used for the machining of hard and/or brittle materials such as stones, ceramics and non-ferrous alloys [3] .
Moreover, diamond brazing has been used for the fabrication of modern diamond devices for medical applications [4] . Conventionally, brazing of diamond is mainly implemented by reacting diamond grits with filler alloys at relatively high temperatures (approximately 930-1100 o C, depending on the filler alloys used)
for ten or a few tens of minutes [5] . During brazing, diamond girts react with the active elements such as Ti,
Cr and V in the filler alloys, which forms a layer of interfacial carbide [5] .
Because established brazing approach involves the use of high brazing temperatures, the extensive formation of interfacial carbide inevitably results in undesirable thermal damage of brazed diamond grits [6, 7] .
Therefore, the Cu-Sn-Ti and Ag-Cu-In-Ti alloys with lower melting points were attempted to replace Ni-Cr alloys, in order to reduce the thermal damage induced during brazing process [8] . When brazing diamond grits using these Ti-containing filler alloys, TiC is the carbide formed during interface reaction. The knowledge on the growth behaviors of TiC is essential for the understanding of failure mechanism of brazed diamond grits, and hence the optimization of brazing process. However, existing research focus more on the characterization of the interface products formed between diamond grits and commercial Ti-containing filler alloys at a certain brazing temperature [9] [10] [11] [12] [13] , or the technology development of brazing process [14, 15] . To the best knowledge of authors, there is little information available regarding the growth behavior of interfacial TiC at variable brazing temperatures, especially at relatively low brazing temperatures [16] .
This work thus aimed to understand the effect of brazing temperatures on the formation and growth behaviors of TiC formed during brazing of diamond grits at temperatures ranged from 600 to 1030 o C. In particular, a binary Sn-Ti filler alloys was employed to achieve the interface reaction between liquid Ti and ACCEPTED MANUSCRIPT
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solid diamond grits at a brazing temperature as low as 600 o C, with minimal effects of alloying elements reported in the previous works using commercial filler alloys [9, 10] .
Experimental procedures
Sn-6Ti (in wt% unless mentioned elsewhere) ingots were prepared by melting commercial purity Sn and Sn-20Ti master alloy in a non-consumable arc furnace in high-purity Ar atmosphere. Chemical composition of the casted alloy was determined to be Sn-5.9Ti by inductively coupled plasma mass spectrometry (ICP-MS) analysis. The casted ingots were mechanically cut and rolled into foils of 3 mm in length and width and 1 mm in thickness. The foil specimens were then polished and ultrasonically cleaned in acetone bath after polishing. Some of the specimens were prepared using traditional polishing techniques for metallographic observation. To prepare brazed diamond samples, diamond grits (ISD-1650, ILJIN Co. Ltd, Korean) with a size ranged from 425 to 500 μm were used. As shown in alcohol solution to remove remaining Sn-Ti alloy. A Hitachi S4800 field emission scanning electron microscope (SEM), a Hirox KH8700 3D digital microscope, a confocal Raman microscope (inVia, Renishaw, Gloucestershire, UK), and a FEI TECNAI F20 field emission transmission electron microscope (TEM) with an energy dispersive spectrometer (EDS) were used for microstructure observation and phase analysis. TEM samples were prepared using a FEI Helios Nanolab-600i dual beam focused iron beam (FIB)
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Results and discussion

Growth Morphologies and microstructure of interfacial TiC
Fig . 2 shows the images of the microstructure of Sn-6Ti alloy and the brazed joint of a diamond grit and Sn-6Ti alloy. As shown in Fig.2 (a) , the solidified Sn-6Ti alloy has a composite microstructure with primary intermetallics (dark grey phase) homogeneously distributed in Sn matrix and no evidence of segregation of 
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Formation and evolution of TiC brazed at increasing temperatures
Thermodynamically, the reaction, i.e. Ti+CTiC, is spontaneous at 0 o C [18] . Therefore, if liquid Ti can wet solid diamond, the interface formation of TiC during diamond brazing should be viable at a temperature significantly lower than that used in the conventional brazing route. However, research on the interface formation of TiC was limited in published literature due to the high melting points of existing brazing filler alloys [5, 12] . In this study, the interface reaction between liquid Ti and diamond grits was achieved at a brazing temperature as low as 600 o C, by using a binary Sn-Ti filler alloy. Fig. 5 shows the high resolution TEM image and TEM EDS spectrum of the interfacial phase formed during brazing reaction at 600 o C. As
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shown by the TEM EDS spectrum in Fig. 5(a) , although Mo signal from sample holder was detected during TEM EDS point analysis, the interfacial nano-sized grains mainly consisted of C and T, which should be TiC, as suggested by Ti-C phase diagram [19] . According to the high resolution TEM image given in Fig The evolution of interfacial TiC morphologies can be correlated to the progress of interface reaction, and the evolution of TiC morphologies with the increased brazing temperature are thus schematically illustrated in Fig. 6 . As discussed earlier, Sn did not react with C in the range of temperatures used in this study [16] . The previous studies also indicated Ti was preferentially concentrated at the reaction interface and the Ti content of 5.9 wt% was sufficient to drive the interface formation of TiC during brazing reaction [21] . Therefore, the factor controlling the formation and growth morphologies of interfacial TiC should be the flux of C atoms dissolved from diamond grits. According to the general sequence of solid/liquid interface reaction [22] , the prerequisite for the initiation of interface reaction between diamond and liquid Ti is that some C atoms in
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unit cell of diamond could be dissolved in liquid Ti to establish a supersaturated zone (Fig. 6(a) ). As the C concentration continuously increased, the supersaturated C and Ti atoms randomly nucleated as TiC grains on the diamond surface ( Fig. 6(b) ). After the nucleation of TiC, C atoms diffused preferentially through the grain boundaries between nano-sized TiC grains, reacting with Ti and continuously driving the growth of TiC. Since C is the diffusing species in TiC in the range of temperatures used in this study and the diffusion of C is dependent on temperature [23, 24] , the interfacial growth of TiC was sluggish at relatively low temperature, i.e. (Fig. 6(d) ). As a result, the interfacial TiC had a bilayer structure with dense nano-sized
TiC grains formed at diamond side and strip-like TiC grains irregularly formed at filler alloy side.
Consequently, interfacial Ti of a columnar morphology was observed in the TEM micrograph in Fig. 5(d) , which is consistent with previous study [9] . As temperature increased to 1030 o C, the dissolution of diamond became even faster and dissolved C flux diffused into filler alloys to form a dense layer of Columnar TiC grains (see Fig. 6(e) ). Fig. 7(a) , an uneven interface between diamond and TiC grains was observed for the sample brazed at 1030 o C, which indicates that diamond grits were dissolved at a higher rate at 1030 o C. In Fig. 7(b) , a clear gradient of C element can be identified as the TiC grains near to the diamond surface has a higher C
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A C C E P T E D M A N U S C R I P T content (61.68 at%, averaged from points 1-4) than that at the Sn-6Ti alloy side (52.73 at%, averaged from points 5-7), evidencing the existence of a C flux from diamond grits to filler alloy. It should be noted that the C content measured in this study was significantly higher than the maximum content of C in TiC (48.8 at%)
in C-Ti phase diagram, suggesting that the TiC grains formed during brazing reaction was a metastable phase with surplus C atoms in TiC unit cells. Isothermal aging experiment was undertaken to investigate the effect of the solid state phase transformation of interface TiC on the formation of nano-sized unidentified phase observed in Figs. 3(e) and 3(f). Nevertheless, the present study clearly demonstrated that reaction temperature strongly affects the growth morphology of TiC formed during interface reaction between liquid
Ti and solid diamond, through enhancing the diffusion of C flux.
Implications for integrity of brazed diamond grits
To create a reliable metallurgical bond with minimal thermal damage of diamond grits, it is desirable to ensure the formation of a continuous and uniform layer of TiC, but avoid the extensive formation of TiC. In order to further confirm the phase formation after brazing at variable temperatures, Raman spectrum measured on brazed diamond surface after removing Sn-Ti filler alloy was given in Fig.8 . As shown in Fig.8 , TiC peaks at 250, 345, 430 and 609 cm -1 can be clearly observed, which is in a reasonable agreement with previous study using stoichiometric samples [26] . The small shift of TiC peaks is most likely due to varying C contents of TiC in samples brazed at different temperatures, because the Raman peaks is obtained from carbon vacancies in TiC [27] . Moreover, both diamond peak at 1331 cm -1 and graphite peak at 1585 cm -1 can be observed for samples brazed at temperature as low as 600 o C, which is even lower than the graphitization temperature of diamond in air (700 o C). As brazing temperature increasing, the graphite peak at 1585 cm -1 became stronger, suggesting more C atoms have precipitated as graphite. Previous research on the shear strength of brazed diamond grist revealed that, when temperature was increased from 880 to 980 o C, the shear strength of the brazed diamond grits decreased from (321±107) to (78±30) MPa [25] . Buhl et al.
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have attributed this abrupt drop of shear strength to the linear increase of thermal stress against the increased brazing temperature [25] . From interfacial reactions prospective, the enhanced dissolution of C atoms and graphitization should also be responsible for the decrease of bonding strength of brazed diamond grits
Experimental results presented in this study clearly demonstrated that reducing brazing temperature is a feasible and controllable approach to achieve preferred interface morphology of TiC during the brazing of diamond grits.
Conclusions
In this work, the growth morphologies of TiC formed during interface reaction between diamond grits and Sn-6Ti alloys were studied at variable brazing temperatures. After brazing for 30 minutes, a continuous layer of TiC grains was formed at 600 o C, which is significantly lower than that used in the conventional brazing process. Brazing temperature had remarkable effects on the growth morphology of TiC grains by affecting the diffusion of C flux during brazing, which might affect the bonding strength and thermal damage level of brazed diamond grits. This study demonstrated that the design of a new filler alloy with a lower melting point enabled the reduction of brazing temperature, without losing the interfacial metallurgical bonds. This should be an effective approach to reduce thermal damage on brazed diamond grits, which is of great importance for the development of high quality diamond tooling and modern diamond devices.
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A C C E P T E D M A N U S C R I P T c) The growth morphologies of interface TiC was believed to be controlled by diffusion of C flux from diamond grits, which is dependent on the brazing temperatures.
